Abstract. Spinal stenosis and movement of the neck are discussed in this paper to be the main factors for development of cervical myelopathy. Fusion of two or more cervical vertebrae leads to a considerable limitation of sagittal movement of the cervical spine specially of the retroflexion. The therapeutic effect of the Cloward-operation seems to lie in the restriction of movement of the cervical spine.
Introduction
SIR Russell Brain presented in 1952 the first overall concept of the relationship causality between spondylotic changes in the cervical spine and associated neurolo gical pathological processes (Brain et al., 1952) . But up to now the pathogenesis of cervical myelopathy has not been fully explained.
Congenital stenosis of the cervical canal is discussed to be a decisive pre disposing factor (Wilkinson et al., 1969; Nurick, 1972a; . Several authors have stressed the importance of local vascular disturbances as another predisposing factor (Allen, 1952; Taylor, 1964; Kuhlendahl, 1969; 1980) . In early literature the motility of the cervical spine was discussed as relevant for the pathogenesis of cervical myelopathy (Reid, 1960; Aboulker et al., 1965) . According to O'Connel (1956) , maximal motion of the cervical vertebral column in the sagittal plane leads to a difference of length of up to 5 cm. At the same time retroflexion causes a severe transverse stenosis of the horizontal plane by the folding of the ligamentum flavum (Breig et at., 1966) . patients without myelopathy (Fig. I) . The X-rays were taken using standard technique: focus-film distance of I mm, the shoulder of the patient lying against the cassette. The absolute values were calculated using factors of 1·3 for men and 1·25 for females (Losch, 1968) . The statistical evaluation was carried out during the modified t-test (Behrens-Fischer-Test), with the border for significance at t = 2·601. Narrowing of under 14 mm was presumed to be stenoses (Wilkinson et at., 1969; Hertel, 1973) . 
Results
The diameter of the cervical canal in the sagittal plane decreases normally from the cranio-cervical junction with an average of 21 mm to the seventh cervical vertebra with an average width of 16 mm. This decrease was clearly greater in the 55 patients with cervical myelopathy (Table J) . There is already a significant difference at the level of the fourth cervical vertebra. A comparison of the dif ferences in men and women (Table II) shows that only men have a highly signifi cant narrowing of the spinal canal. Of the 55 patients with cervical myelopathy 16 had a stenosis of the cervical spinal canal. Also in the control group we found 15 patients (7 per cent) with a stenosis, this was about the same incidence as Ritter et at., (1975) found. Similar to Nurick (1972b) and Ciba et at., (1976) we found a positive correlation between the severity of the myelopathy and the evidence of stenosis of the spinal canal. Thus we consider the stenosis to be a main pre disposing factor for the development of cervical myelopathy. 
MOVEMENT OF THE NECK

Material and methods
Pantopaque myelograms were carried out in 43 patients with cervical myelo pathy in order to determine the influence of movement of the neck in the sagittal plane. The X-rays were taken in mid position as well as in maximal anteflexion and retroflexion. A narrowing of the subarachnoid space at the height of exostoses to under 50 per cent of the original values was felt to be the critical value for compensation . The width of the spinal canal was not measured at the height of the exostoses, since only tomograms through the middle give accurate values here.
Results
In the mid position there were eight patients with a total contrast medium stop. In two of those patients the contrast medium moved cranially if the neck was anteflexed (Fig. 2) .
In the other patients an indentation into the contrast medium was seen on the ventral side of the spinal canal at the level of one (21 times) or more (17 times) discs. Retroflexion of the neck led to a partial or complete stop in all patients.
The results of retroflexion were especially severe in patients with congenital spinal stenosis (Table III) . There was a correlation between the clinical localisation of the height of the lesion and the myelographic findings in 29 patients (62 per cent), similar to the results of Brain et al. (1952) , Taylor (1964 ), Wilkinson et al. (1969 . On 14 patients (28 per cent) the radiological findings were one level higher (ten times) or one level lower (four times). These findings indicate that there may be additional vascular factors in the pathogenesis of the cervical myelopathy. 
CLOWARD FUSION OPERATION
Material and methods
Thirty-eight patients were examined 1-3 years after the fusion operation according to Cloward's technique (1958) . One control group consisted of 33 healthy persons of the same age as the patients, and another control group consisted of 26 juvenile persons in the age of 13-30 years. Standardised X-rays of the cervical spine in maximum ante-and retroflexion were made. They were evaluated with measuring technique of Adams et aI. (1971) . Using Bakke's method (1931) , the motility of individual segments of the cervical spine was determined (Fig. 3) .
Measuring technique according to Adams et at. (1971) . The angle I-II remarks the total movement, k the anteflexion, 1 the retroflexion.
Results
The fusion of two or more vertebral bodies causes a strong restriction of the movement of the cervical spine in the sagittal plane. The difference is significant between the older control group, and the patients who underwent the Cloward operation. A comparison of the juvenile control group-with an average age of 23 years-and the older control group-with an average age of 56 years demonstrated the age dependant decrease of cervical spine motility (Table IV) .
Selection of subgroups of patients in regard to location and number of fusioned vertebral bodies shows the decrease of motility of the cervical spine in the sagittal plane with an increased number of fusioned vertebrae. There was no difference in findings, however, between nine patients with a fusion of the segment Cs and 11 patients with a fusion of the segment C6 (Table V) . In the physiological motion of the cervical spine, retroflexion is a much larger component than anteflexion. In our control groups, the proportion of retroflexion( anteflexion was almost 2: I, corresponding with published data (Zaunbauer et al., 1962) . The individual position at rest is not considered with the measuring technique used, upright position of the cervical spine being assumed. Anteflexion and retroflexion are about equally affected by the restriction of cervical spine motility, increasing with age. The fusion of vertebrae, however, restricts mainly retroflexion (Table VI) .
A comparison of individual segment movement of the cervical spine after surgery shows a shifting of maximum motility into the upper segments of the cervical region of the spinal column. Pathological mobility was seen only in two patients in the upper neighbouring segment of the block vertebra, contrary to observations of Woesner et al. (1972) . In a few cases, we found a strong gliding movement of the upper vertebrae against the block vertebrae with a maximum edge displacement of 2·5 mm (Fig. 4) . In the same way as Verbiest (1970) and Adams et al. (1971) , we more often observed an increased osteochondrosis with immobi lisation by the development of ventral exostoses and bone bridges in the neighbour segments of the block vertebra (Fig. 5) . Our studies confirm that a congenital narrowing of the spinal canal is a substantial predisposing factor in the pathogenesis of cervical myelopathy. Congenital stenosis of the cervical canal is more frequent in men, which is probably the cause that men are affected more often than women, in our patients at a ratio of nearly 2: I. Mikrotraumas which occur more frequently in men doing heavy forms of work, may be also responsible. (Kuhlendahl et al., 1970 (Kuhlendahl et al., , 1980 Nourick 1972 (a, b); Ritter et al., 1976) . Narrowing of the spinal canal is accentuated by movement of the neck in the sagittal plane especially during retroflexion. This was verified by Hermann et al. (1980) with measurements of spinal fluid pressure. The success of conservative treatment by immobilisation confirm the importance of movement as a main factor in the pathogenesis of cervical myelopathy. The peak age of onset of the disease lies between the 40th and 50th year. Motility of the cervical spine is restricted in older people by spondylarthrosis from which we think that the chance for development of cervical myelopathy is diminished. Cloward operation leads to a limitation of sagittal movement of cervical spine. Adams et al. (1971) found the best postoperative results in patients showing a restriction of cervical spine motility below 40°. We also saw an improvement of preoperative symptoms in ten of 18 patients with movement restriction less than 30°, whereas only two out of 20 patients with a postoperative motility of above 30° showed any clinical improvement. We therefore consider immobilisation of the cervical spine, especially the restriction of retroflexion, as the decisive therapeutic effect of the Cloward operation. Comparative results were published by surgeons preferring mere discectomy and fusion of cervical vertebral bodies without removal of exostoses in the treatment of cervical myelopathy (Hirsch et al., 1964; Hankinson et al., 1975) .
SUMMARY
The width of the spinal canal in 55 patients with cervical myelopathy was compared to a control group of 225 patients without myelopathy. There was a statistically significant narrowing of the cervical canal in the patients with cervical myelopathy, especially in men.
Neck movement in the sagittal plane was studied in pantopaque myelograms in 43 patients with cervical myelopathy. It was found that retroflexion causes the most severe narrowing of the spinal canal. Patients with congenital cervical stenosis showed the greatest changes.
Sagittal movement of the cervical spine was measured 1-3 years after the Cloward fusion operation in 38 patients and compared to a corresponding age group of 33 and a younger group of 26 healthy controls. The fusion of two or more vertebrae leads to considerable limitation of sagittal movement of the cervical spine on an average of 23,5° in comparison with 40,6° in the corresponding age control group. With the increasing age, anteflexion and retroflexion deteriorate equally, whereas the fusion operation restricts mainly the retroflexion of the cervical spine. In fact, the therapeutic effect of the Cloward operation seems to lie in the restriction of movement of the cervical spine.
RESUME
Nous avons trouve chez 55 malades atteints d'une myelopathie cervicale compares a celui d'un groupe de contr6le de 225 personnes un retreciment important du canal spinal cervical. Dans la pantopaque-myelogramme nous avons constate chez 43 malades qu'une retroflexion de la colonne vertebrale cervicale amenait a un retrecisement considerable du diametre sagittale du canal spinal, surtout chez les mala des predisposes a une stenose cervicale.
L'operation fusion Cloward de 2 vertebres ou plus a conduit a une reduction importante du mouvement de la colonne vertebrale cervicale cans Ie plan sagittale en moyenne de 23,5° comparee a celle de 40,6° d'un groupe de contr6le du meme age. L'anteflexion et la retroflexion de la colonne vertebrale cervicale diminue regulieremcnt aucours de la longevite, tandis que l'operation de fusion conduit essentiellement a une reduction de la retroflexion. L'effet therapeutique de l'operation Cloward semble etre cause par la reduction du mouvement de la colonne vertebrale cervicale. 
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